Hot flushes and night sweats affect 75% of all women after menopause and is a common reason for decreased quality of life in mid-aged women. Hormone therapy is effective in ameliorating symptoms but cannot be used by all women due to contraindications and side effects. Engagement in regular exercise is associated with fewer hot flushes in observational studies, but aerobic exercise has not proven effective in randomised controlled trials. It remains to be determined whether resistance training is effective in reducing hot flushes and improves quality of life in symptomatic postmenopausal women. The aim of this study is to investigate the effect of standardised resistance training on hot flushes and other health parameters in postmenopausal women.
Introduction
Menopause is often associated with bothersome hot flushes, urogenital problems and sleep disturbances that may affect wellbeing and reduce quality of life. Of these symptoms, hot flushes is the most prominent, occurring in around 75% of all women. [1] The median duration of hot flushes has been reported to be 4-5 years, [2] but can occur for more than 10 years after menopause and may also be life-long. [3] Hormone therapy (HT) with oestrogen alone or combined with progestogens is the most effective treatment, decreasing the frequency of hot flushes by at least 75%. [4] However, usage has declined [5] since the publication of trials associating HT with cardiovascular events and breast cancer. [6] Today, HT is only recommended for moderate and severe hot flushes in the lowest dose possible, for the shortest possible period of time. [7] As a result, there is a need for alternative treatments.
Physical exercise
Exercise has been proposed as an optional treatment, but studies of the association between physical activity and hot flushes have so far been inconclusive. [8] Observational data have suggested that regular physical activity is associated with fewer hot flushes and a shorter duration of symptoms. [2, [9] [10] [11] On the other hand, other studies have failed to show such an interaction, [12, 13] or have even reported an increased risk of hot flushes among the most physically active women. [14] One mechanism through which oestrogen is thought to act to prevent hot flushes is through the induction of hypothalamic β-endorphin. β-endorphin is an endogenous opioid that may stabilize the thermoregulatory centre, possibly by decreasing the thermal sensitivity of preoptic hypothalamic neurons. [15] After menopause, central β-endorphin levels decrease [16] but their production can be stimulated with oestrogen treatment [17] and is also believed to be induced by exercise. [18, 19] The randomised controlled trials (RCT) that exist [20] [21] [22] [23] [24] have generally been unable to show a significant decrease in hot flushes after an aerobic exercise intervention. A recent Cochrane review concluded that there is still insufficient evidence to determine whether exercise reduces vasomotor symptoms in postmenopausal women and that good-quality trials are needed. [8] The European Menopause and Andropause Society drew the same conclusion in their position statement on non-hormonal management of menopausal vasomotor symptoms. [25] Previous studies have struggled with poor compliance in some groups [20, 23, 24] and used a wide variety of exercise modalities and intensities, which could explain the lack of significant treatment effect. Likewise, in the newly published position statement by the North American Menopause Society, aerobic exercise is not recommended for vasomotor symptoms. [26] Physical exercise is implicated in disease prevention in numerous other ways. After menopause, the fat distribution in women tends to shift, with increasing accumulation of visceral adipose tissue. [27] Visceral adiposity in turn, is associated with chronic lowgrade inflammation and thereby an increased risk of diseases such as type-2 diabetes mellitus, dyslipidaemia, several forms of cancer and cardiovascular disease. [28, 29] Physical exercise on the other hand, has been related to an anti-inflammatory state and lower levels of pro-inflammatory cytokines in both observational and intervention studies. [30] Moreover, exercise may induce a browning of white adipose tissue, generating a more favourable metabolic state. [31] In contrast to white adipose tissue, brown adipose tissue mainly produces heat and has been inversely related to obesity and type-2 diabetes mellitus. [32] Physical activity is also thought to affect the length of telomeres; repetitive sequences of DNA at the end of chromosomes that contribute to the stability of the genome. The telomeres shorten as a normal part of aging, but telomere attrition has also been associated with cardiovascular disease, oxidative stress and inflammation. [33] Physical activity may prevent telomere attrition, and postmenopausal women engaging in regular exercise had longer telomeres, although rigid evidence is lacking. [34] In summary, exercise is an appealing intervention because of the established and probable health effects it may bring in addition to a possible treatment effect on hot flushes. Aerobic exercise has been the focus of several previous RCT:s but to our knowledge, this is the first trial designed to study resistance training (RT) as a treatment for hot flushes. The hypothesis is that RT will reduce hot flushes and positively affect a number of health parameters in postmenopausal women based on the studies presented above.
Aims
The aim is to investigate the effect of standardised RT on hot flushes and other health parameters in postmenopausal women. Specifically, we intend to test the hypothesis that 15 weeks of standardised RT reduces the frequency of moderate and severe hot flushes in symptomatic, sedentary, postmenopausal women more than in a sedentary control group asked not to change exercise habits over 15 weeks. We here present detailed information on the design of the study, intervention and outcome measures.
Methods

Trial design
This is an open, parallel-group, randomised controlled trial with participants individually randomised to intervention or a control group (no treatment) in a 1:1 allocation. The trial is conducted in Linköping, Sweden.
Study Population
We intend to include postmenopausal women with natural or induced menopause who experience a minimum of four moderate to severe hot flushes per day or 28 per week over a two week long screening period. To ensure that we include only sedentary women, we restricted the total weekly time allowed spent on physical activity adapted from the recommendations on physical activity by the World Health Organization. [35] Detailed eligibility criteria are presented in Table 1 . 
Recruitment
Participants are recruited by advertisements in the local newspaper and social media (Facebook), and through information posters displayed in outpatient departments at Linköping University Hospital. Interested women are asked to respond to the adverts by e-mail or regular mail and are subsequently contacted by telephone by a research nurse or a member of the research group.
Those eligible after telephone screening are sent written information about the study and invited to a first visit where inclusion and exclusion criteria are checked. This visit includes signing an informed consent form after information and explanation of the study, a physical examination and measurements of height, weight, waist circumference, sagittal abdominal diameter, blood pressure and capillary haemoglobin. Finally, all women eligible after visit 1 receive a diary to register hot flushes and physical activity for a screening period of 14 days.
After two weeks, the women attend a second visit where a final evaluation of eligibility is done based on the number of hot flushes recorded in the screening diary. During visit 2, the definite decision of inclusion is made, and included participants are randomised to either 15 weeks of standardised RT (intervention group) or no treatment (control group). They receive hot flush diaries to register symptoms continuously throughout the study period, and instructions on how to fill them in correctly. Baseline questionnaires regarding health-related quality of life and physical activity are completed and baseline blood samples for analysis of secondary outcome variables are drawn. These are defined in detail below.
At 15 weeks, all participants attend a final visit where baseline measurements and tests are repeated. An MRI scan is performed on both groups at baseline and at 15 weeks for analysis of muscle mass and white and brown adipose tissue. The choice to participate in MRI scanning is optional and does not affect recruitment. An overview of the study design is presented in Figure 1 . 
Intervention
The intervention consists of 15 weeks of structured, standardised RT performed three times per week. The training takes place at a local gym facility easily accessible by 
The intervention consists of 15 weeks of structured, standardised RT performed three times per week. The training takes place at a local gym facility easily accessible by private and public transport and is monitored by an experienced physiotherapist (HL). Each participant receives an individual introductory session with the physiotherapist to familiarise with the exercises and find the correct settings on the resistance machines.
Resistance training program
All participants in the intervention group follow the same RT program, developed to target all major muscle groups and be technically easy and safe to perform. It is constructed in line with the American College of Sports Medicine (ACSM) guidelines on RT for novices [36] and focuses on improving strength and muscle mass with a gradual increase in loads. The program contains eight exercises, of which six are performed in seated resistance machines and two are body-weight exercises.
The exercises are as follows: leg press, chest press, seated row, leg extension, leg curl, lat pull-down, crunches and back raises. In accordance with ACSM recommendations, [36] the program primarily focuses on multiple-joint exercises. Every training session includes 10 minutes of warm-up on a cardio machine and dynamic and static stretching post-workout. A maximum of two exercises are allowed to be replaced by corresponding exercises after individual evaluation by the physiotherapist. If requested by the participants, additional exercises can be added to the standardised program.
Participants are free to train independently at any time during the gym's opening hours (usually 6.30AM-9PM). However, one session per week with the physiotherapist is mandatory to follow up and progress the training program, as well as to control for any health problems and adverse events. The combination of flexible training hours and regular contact with the physiotherapist was planned to increase compliance with the intervention. During every training session, participants document completed exercises, loads and repetitions in a personal logbook at the gym. To evaluate compliance, data from the logbooks and from the gym's electronic card registration system will be used.
Subjects in the intervention group are permitted to perform additional physical activity apart from the RT. However, they may not substitute a RT session for another mode of exercise and must register all additional physical activity in their hot flush diary.
Exercises are performed with 8-12 repetitions for two sets, with approximately two minutes' rest between sets. Loads are set to correspond to 8-12 repetition maximum (8-12RM) [36] and participants are instructed to increase the load of an exercise when they can perform more than the prescribed number of repetitions. The two body-weight exercises are performed with 15-20 repetitions per set.
During the first three weeks of training, all exercises are performed with 15-20 repetitions with loads corresponding to 15-20RM. The purpose of this introductory phase is to provide the participants with sufficient time to learn the correct technique before increasing loads, and thereby minimising the risk of injuries. Also, in a previous trial we found that many women dropped out due to a too rapid increase in physical activity. [24] Another purpose of the introductory phase was therefore to reduce dropout.
Control group
Participants randomised to the control group receive instructions to not change their exercise habits or level of physical activity during the study and to not start any treatment for hot flushes. After 15 weeks, they are offered advice on physical activity, an individual gym instruction by the same physiotherapist that monitors the intervention (HL) and a free four-month membership at the gym where the training in the study takes place.
Outcomes
Primary outcome
The primary outcome is change in hot flush frequency (moderate and severe hot flushes) from baseline to week 15, assessed by personal pen-and-paper hot flush diaries.
In the diaries, the participants daily note the number of mild, moderate and severe hot flushes experienced, and are encouraged to register continuously throughout the day to minimise recall bias. To facilitate comparison with previous studies on treatments for hot flushes, we use the criteria for symptom severity as recommended by the US Food and Drug Administration for substance trials, as seen in Activity Questionnaire (IPAQ)  Severity of hot flushes, assessed by hot flush diaries  Muscle strength, tested using eight-repetition maximum tests at baseline, week 3 and 15 in the intervention group  Body mass index and sagittal abdominal diameter  Blood pressure  Muscle volume and volume of white and brown adipose tissue using magnetic resonance imaging (MRI)  Blood lipids and iron status (low-density lipoprotein, high-density lipoprotein, apolipoprotein-A1 and -B, ferritin, s-iron, transferrin)  Adipo-and myokines and inflammatory markers (leptin, irisin, interleukin-4, -6, -7, -8, -10, -15, c-reactive protein, tumor necrosis factor, brain-derived neurotrophic factor, matrix metalloproteinase-2 and-9) analysed using a multiplex magnetic bead-based assay and enzyme-linked immunosorbent assay in plasma and after white blood cell stimulation.  Telomere length in DNA isolated from blood samples using a real-time PCR-based method.
[38]
Quality of life
We intend to evaluate the effect of RT on HRQoL with two different questionnaires at baseline, 15 weeks, 6-months follow up and 24-months follow up. SF-36 will be used as a generic measure of HRQoL. It consists of 36 questions generating scores on eight scales related to health: physical functioning, physical role functioning, bodily pain, general health perceptions, vitality, social functioning, emotional role functioning, and mental health. For each scale, a score from 0 to 100 is calculated, with 0 representing maximum disability and 100 no disability. Summary measures for physical health and mental health are calculated as well.
[39] SF-36 is one of the most used generic measures of health-related quality of life worldwide and the Swedish translation has been found to be valid and reliable. [40] Women's Health Questionnaire is a 36-item questionnaire developed specifically to assess mid-aged women's emotional and physical health. Each item is answered on a four-point scale, and the points are calculated into ratings in the following domains: depressed mood, somatic symptoms, anxiety/fears, vasomotor symptoms, sleep problems, sexual behaviour, menstrual symptoms, memory/concentration and attractiveness. [41] It is available in several languages, and the Swedish version has shown good reliability and been validated for assessment of health-related quality of life in postmenopausal women. [42] The WHQ is also sensitive to change in HRQoL after treatment of hot flushes [41] and has been used in trials similar to the present, to assess change in quality of life after an exercise intervention. [22, 24] 
Physical activity level
Physical activity level will be assessed using the short, last 7-day form of IPAQ. It contains 9 questions regarding the amount of time spent on vigorous-intensity activity, moderate-intensity activity, walking and sitting during the last seven days. IPAQ is widely used and the most extensively validity-tested physical activity questionnaire available. [43] All participants also register physical activity habits in their hot flush diaries. There, they daily note minutes spent on any physical activity lasting more than 10 minutes. If no physical activity is performed on a certain day, it is indicated by writing "no" or "0" in the empty field. Data from the logbooks and from the gym's electronic card registration system will also be used to assess participation in training sessions.
Muscle strength
Muscle strength will be evaluated in the intervention group using the 8RM test at baseline, 3 weeks and 15 weeks. The test defines the maximum resistance with which an individual can perform an exercise for eight repetitions with a correct technique. A study of healthy adults reported a test-retest correlation coefficient of 0.99 in total for the 8RM test, illustrating good reliability. [44] Another study validated the 8RM test against isokinetic dynamometry, the gold standard of measuring muscle strength, and found correlations between 0.71-0.85. [45] Moreover, the 8RM test can be integrated into the training program and used to prescribe the volumes and loads of RT. [36] The same physiotherapist (HL) performs the test on all participants and occasions. The same exercises used in the RT program are used for the strength evaluation, except for the two body-weight exercises (crunches and back raises) that cannot be tested in the same manner. Consequently, the exercises included in the 8RM testing are the following: chest press, leg press, seated row, leg curl, lat pull-down and leg extension. As recommended, the test is preceded by 7 minutes of warm-up of the entire body and completion of several repetitions with only light resistance to obtain the correct technique. Thereafter, the resistance is increased to determine 8RM, within a maximum of five trials per exercise. All repetitions will be performed with a correct posture, full range of motion and a constant velocity.
Blood sampling
Fasting venous blood samples are collected from all participants at baseline and at 15 weeks. These will later be analysed for inflammatory markers (specified above in 3.2), blood lipids, iron status, telomere length and myokines. In the intervention group, another blood sample is drawn within four hours of the 8RM baseline-and 15-week tests, for analysis of myokines after exercise.
Magnetic Resonance Imaging
To analyse body composition, an MRI scan (Ingenia 3.0T, Philips Healthcare) is performed on both groups at baseline and at 15 weeks. Measurements will include quantification of total, subcutaneous, visceral and intramuscular adipose tissue as well as discrimination of brown and white adipose tissue. In addition, the MRI images will be used to measure the volume of major extensor and flexor muscles.
Qualitative methodology
To obtain a deeper understanding of factors that may facilitate or impede a lifestyle change, we will conduct in-depth interviews with both compliant and non-compliant participants from the intervention group at 15 weeks, as well as with dropouts. The aim is both to explore the women's experience of adopting a change in lifestyle and to investigate the factors that influence the decision to drop out or remain in an exercise trial. The interviews will be conducted by one of the authors (EB) and an independent researcher. All interviews will be recorded, transcribed and later analysed using thematic analysis. [46] 
Sample size
A pilot study including 16 participants with the same methodology as the present was commenced in October 2013, and recruitment has since taken place twice yearly. A sample size calculation was performed based on the primary outcome measure in the pilot study, i.e. change in mean hot flush frequency from week 0 to 15. Results from a previous study [24] indicated that a 50% reduction in moderate and/or severe hot flushes could be expected, which was considered a clinically significant effect. The standard deviation for difference in mean percentage change was 0.52 in the control group and 0.25 in the intervention group. With an alpha-level of 0.025 and a beta-level of 0.8, it was calculated that 32 participants in total was needed to detect a 50% reduction in hot flushes. With an expected dropout rate of 20%, we therefore need a minimum of 40 participants (20 per group). In the pilot results, hot flushes did not change at all in the control group. This was somewhat surprising since it could be expected that symptoms would decrease to some extent in both groups solely by being included in the trial. To increase the power, the goal was set to include 60 participants in total.
Randomisation and allocation concealment
To ensure that the intervention and control groups are equal in size, randomisation is conducted in blocks whose sizes will be kept unknown to the researchers until the end of the study. An independent statistician used a computer-based random number generator (Stata 13.1, StataCorp LP) to create the allocation sequence. It was thereafter concealed in sequentially numbered, opaque and sealed envelopes by an independent research organization affiliated with Linköping University unrelated to the recruitment of participants.
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The envelopes are stored in a locked location at the clinic and handled by a research nurse until the second visit, when the decision of inclusion in the trial is made. When a new study participant is to be enrolled, the nurse retrieves the envelope with the lowest number. After verification of eligibility, including a written informed consent, the envelope is opened to reveal group allocation.
Because of the nature of the intervention, it is not possible to blind study participants, researchers enrolling participants or the physiotherapist who will be supervising the RT in this trial. However, outcome adjudicators will be blinded to group allocation when performing the analysis for the primary outcome and for analyses of secondary outcomes whenever possible. This includes researchers and staff handling blood samples and performing the MRI scans.
Adverse events
Adverse events are monitored by several means. First, participants are asked about health problems and changes in their health status at every follow-up point in the study from baseline to 24 months. Second, the physiotherapist reports any health problems expressed by the participants during the training sessions, including any event or illness impeding RT. Third, all participants are asked to register any health issues in their hot flush diaries and encouraged to contact the research team when needed. In the diaries, both groups also register use of any new medications, including over-the-counter substances. Any harms related to the intervention will be reported with the results. Normal delayed-onset muscle soreness is an expected effect of the RT and will not be considered an adverse event.
Statistical methods
To examine the efficacy of the intervention to treat hot flushes, the change in mean hot flush frequency from baseline (the screening weeks) to week 15 will be analysed with ANOVA for repeated measures, with comparisons of the two groups. Using ANOVA also makes it possible to adjust for differences at baseline when relevant. The primary analysis of the material will be conducted according to the intention-to-treat principle; that is, all randomised participants with at least one reported value post randomisation will be included regardless of compliance with the intervention. Participants who drop out without reporting anything except the baseline values will be excluded. This approach is undertaken to avoid introduction of unnecessary bias in the analyses. [47] Depending on the amount of missing data, this will be handled by mean imputation or using a mixed-models approach to the repeated measures ANOVA.
Since this is the first trial to test RT for hot flushes, further evaluation of the treatment effect with per-protocol analysis may be performed to study the influence of compliance. A participant will be defined as compliant and thereby included in the per-protocol analysis if completing a mean of two RT sessions per week, excluding missed sessions due to illness. A maximum of 21 days will be allowed to be excluded from the evaluation of compliance.
Ethical considerations
The protocol for this trial has been reviewed and approved by the Regional Ethical Committee in Linköping (2013/285-31). It will be conducted in line with the World Medical Association Declaration of Helsinki [48] and follow applicable standards of Good Clinical Practice.
Possible risks with inclusion in the trial are related to the exercise intervention and include musculoskeletal injuries and soreness. However, we have taken measures to prevent injuries by implementing a three-week introductory phase in the training and ensuring weekly contact with the physiotherapist with the ability to adapt the program. Adverse events will nonetheless be continuously monitored as described above to detect any unexpected harms.
All participants receive detailed information about the study orally and in writing and give written informed consent before participation in the study.
Discussion
Day-and night-time hot flushes is the most common symptom associated with menopause and an important reason for reduced quality of life in postmenopausal women. Also, men treated with castration therapy for prostate cancer, and breast cancer patients treated with anti-estrogenic medication are affected to the same extent. [49] Hormone therapy is effective but associated with risks that limit the possibilities of prescription. Observational data suggest exercise is a potential treatment option but evidence from randomised controlled trials is still insufficient. [8] Our intention was to design a high-quality trial with a clearly defined and standardised intervention to boost the evidence on the issue and to report it according to CONSORT [47] recommendations. Resistance training has already been shown to prevent bone loss [50] and increase muscle strength in postmenopausal women. [51] In addition, physical exercise can improve sleep, [52] blood lipid profile, [53] well-being and HRQoL. [20] A decrease in hot flushes would thus be a welcome addition to the other important health effects of exercise after menopause.
The method of self-reporting symptoms via personal diaries is commonly used in previous hot flush studies [21, 23, 24] and has been shown to be sensitive to change with few missing data in general. [54] Although it is possible to record hot flushes objectively e.g. by measuring skin conductance, subjectively reported flushes correlate highly with objective recordings in a laboratory environment. [55] Moreover, none of the available devices for ambulatory recording of hot flushes met the requirements of both validity and patient acceptability when evaluated for a previous trial. [56] A benefit with selfreporting through diaries is also the possibility to retrieve data on hot flush severity as well as frequency, which is still not possible with objective recording. Since change in hot flush severity is an important secondary outcome measure, a subjective method of assessment is necessary.
We chose to evaluate physical activity level with a validated questionnaire (IPAQ) and via personal hot flush-and physical activity diaries. An alternative could have been to ask the participants to wear accelerometers and collect objective data on physical activity. However, we were concerned about acceptability and the extra burden that constantly wearing the device might have brought on the participants during the 15 week long intervention period. Since hot flushes are registered daily in the diaries, we deemed it would take little extra effort to note minutes spent on physical activity simultaneously. Thereby we collect physical activity data continuously throughout the study period, and it will be possible to relate the results from the questionnaire with the actually reported values in the diaries.
Conclusion
To the best of our knowledge, this is the first trial designed to investigate the effect of standardised RT on hot flushes. If proven effective, the intervention could be applied to other patient groups frequently troubled by hot flushes where an effective treatment is currently unavailable. These include breast and prostate cancer patients for whom oestrogen or testosterone treatment is contraindicated. Hopefully, this study will contribute to filling the evidence gap of alternative treatments for hot flushes and provide women with an effective option to help alleviate symptoms and improve quality of life.
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